Background: Participation in key activities of daily living (ADL), including daily bathing, physical activity, and oral hygiene, can decrease the risk of bloodstream infections, oral complications, and deconditioning in pediatric patients undergoing hematopoietic stem cell transplant (HSCT). However, many patients fail to perform ADL during their inpatient stay. To improve inpatient adherence to ADL, we tested a token economy to engage patients, families, and the clinical team in improving adherence to these important health behaviors during this critical time.
INTRODUCTION
High-dose chemotherapy and hematopoietic stem cell transplant (HSCT) regimens offer prospects of cure for children and young adults with high-risk and relapsed cancers. [1] [2] [3] [4] However, oncology and HSCT patients are at increased risk of developing treatment-related toxicities such as infections, oral complications, and deconditioning. Bloodstream Infections (BSI) are the most significant cause of mortality in pediatric oncology/HSCT patients, second only to relapse. [5] [6] [7] [8] [9] Oral complications, such as mucositis, affect up to 80% of oncology Abbreviations: ADL, activities of daily living; BMT, bone marrow transplant; BSI, bloodstream infections; CHG, chlorhexidine gluconate; HSCT, hematopoietic stem cell transplant patients [10] [11] [12] and have a significant impact on patient's oral function, including the basic need to eat, drink, or speak. 13 Additionally, BSI from organisms originating in the oral cavity lead to significant morbidity and mortality in this population. 14, 15 Deconditioning from prolonged immobility is associated with rapid reductions in muscle mass, bone mineral density, and impairment in other body systems, which can be evident within the first week of hospitalization. 16, 17 Recent studies indicate that the risk for BSIs, oral complications, and deconditioning can be reduced by participation in key activities of daily living (ADL), including daily bathing, physical activity, and oral hygiene. Despite this, many patients fail to perform these important ADL during their inpatient stay 18 at a time they are most vulnerable. 7, [19] [20] [21] There is a critical need to develop robust and sustainable mechanisms to improve ADL adherence, which will prevent BSI, oral complications, and challenges related to inactivity in high-risk immune-compromised pediatric oncology/HSCT patients. In the absence of such knowledge, these toxicities will continue to cause significant morbidity.
Patients undergoing HSCT are at highest risk of complications in the 2-3 weeks following stem cell infusion prior to engraftment. 8, 22 To improve inpatient adherence to ADL, we tested a token economy to engage patients and families, along with the clinical team in improving adherence to these important health behaviors during this critical time. The purpose of this study was to establish preliminary efficacy for this approach using a controlled before-after trial. We predicted that patients who were previously nonadherent with ADL would demonstrate improved adherence.
PATIENTS AND METHODS
The 
Study design:
We used a controlled before-after trial study design to test the token economy ADL1-2-3 intervention on patient ADL adherence. Eligibility criteria included admission to the BMT unit, ADL adherence of less than 20% for a minimum of 14 consecutive days, 4 years of age or older, and anticipated admission to the hospital for a minimum of 14 additional days. After measuring adherence to ADL per current standard of care for a 14-day period, we evaluated the token economy intervention for 14 subsequent days and continued to track adherence. During the intervention period, "BMT Bucks" were awarded to patients for completion of specific ADL tasks, which could be exchanged for token rewards. This intervention was in addition to our standard of care (ADL education, reporting ADL during rounds, patient-provider discussing nonadherence, etc.).
We monitored patient BSI rates during both time periods. Each of the three ADL was calculated as an all-or-none measure providing patients enrolled with three daily opportunities to complete each ADL category.
Comparison of mean adherence between samples during each time period was measured with a paired t-test. We calculated the mean ADL adherence of each patient, along with the group mean, in the 14 days prior to intervention and 14 days postintervention. Finally, we used
Fisher exact test to evaluate BSI rates before and after the intervention. Institutional Review Board approval was obtained for the proposed study.
RESULTS
Twenty-one patients were approached to participate in the study, and all enrolled (100%). The median participant age was 8.0 years and nine (43%) were male. The majority of patients were undergoing HSCT for bone marrow failure or malignancy (43% and 28%, respectively), and the majority received a myeloablative conditioning regimen (Table 1) .
TA B L E 1 Demographics of patients included in study
Patients (n = 21) Subjectively, the ADL adherence was received well, many of the patients and families asked to continue the intervention after the study period. Also, several patients felt that the BMT currency with physician's faces was a sufficient reward and opted to hold on to their BMT bucks instead of trading them in for a prize.
DISCUSSION
This study is the first to demonstrate the efficacy of a standardized token economy intervention to improve adherence to three prescribed ADL in a pediatric inpatient setting. The token economy intervention provided the clinical team with a clear and standardized process by which fundamental positive reinforcement was provided to patients increasing ADL adherence as well as promoting patient activation, self-management, and family engagement. 24 Medical teams have previously relied on nurse or provider specific interventions including persistent encouragement and reminding when refusing to complete ADL, increasing the likelihood of patient-provider conflict and undermining patient autonomy. 18, 23, 25 Research often focuses on adherence to medication, but adherence also encompasses many other health-related behaviors and is defined as "the extent to which the patient follows medical instructions". 26, 27 Adherence results from a complex set of behaviors with multiple determinants that vary among individuals. Although there is only one way for patients to be perfectly adherent, there are many ways that patients can be nonadherent. 28 There are minimal data on adher- Applied behavioral analysis is a scientific discipline concerned with analyzing the principles of learning and behavioral control, developing usable methods from these principles, and systematically applying these methods to change behavior. 31 All actions, whether used in daily life or while during hospitalization, are simply a set of behaviors, and, as such, can be taught and reinforced using the basic tenets of operant conditioning. 32 Operant conditioning is a type of learning where behavior is controlled by consequences and is associated with a reinforcement that occurs after the desired behavior. 32 Operant conditioning specifies the functional relationship between an individual's behavior and the antecedents (the cue or reminder) and consequences (reward) of that behavior. 24 The reinforcement is a stimulus or event applied after a response that strengthens the probability that the response will be performed again. 33 It is important to determine the type of reinforcement that is necessary to effectively achieve the desired behavior. To date, we have relied on negative reinforcement to maintain ADL adherence. When patients refused to complete ADL, the provider team confronted the patient, and finally, the patient completed the ADL to stop the persistent encouragement and reminding from the staff. Our proposed intervention builds upon operant conditioning, utilizing positive reinforcement to encourage the desired behavior, ADL adherence ( Figure 2 ). Operant conditioning methodology has been used to improve ADL adherence in adults.
Through distribution of coffee and cigarette tickets for targeted ADL in geriatric adults (n = 30) admitted to the psychogeriatric ward the number of target behaviors increased dramatically and many positive effects were observed. 34 In patients with cystic fibrosis, positive reinforcement through a token economy supported improved exercise adherence. 35 Token economics have been used successfully in pediatric populations with attention-deficit hyperactivity disorder; Coelho et al. demonstrated significant improvement in overall problematic behavior when patients were rewarded with token rewards when they exhibited improved behavior in between cognitive F I G U R E 2 Operant conditioning in activities of daily living (ADL) adherence. Current practice is limited to negative reinforcement, completion of ADL stops the persistent encouragement and reminding from the staff. The ADL adherence intervention is based on positive reinforcement behavioral therapy sessions. 36 Finally, Token economics have showed efficacy at improving memory and response inhibition performance in pediatric patients with acquired brain injuries. 37 There are several limitations to this study. Enrollment was limited to patients with very low adherence (less than 20%). Additionally, we are unable to determine the long-term impact of the intervention and if the improvement in adherence is sustainable. However, HSCT patients are at high risk of complication during a limited time period, and it is during this time that it is important for them to adhere to ADL. Additionally, we could not evaluate the effect of the intervention on blood stream infections because of the limited power of our sample size.
CONCLUSION
Our initial results show that systematically providing positive reinforcement to hospitalized pediatric patients can increase engagement in care and improve clinical outcomes.
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